Summary
A Vitamin D2 which shows practically the same physiological effects as vitamin D3 in humans has been predominantly added to fortified dried milk sold in Japan because of its lower price than vitamin D3. In a previous paper (1) , the levels of 25 1 Following abbreviations are used: HPLC , high-performance liquid chromatography; D2, vitamin D2 (ergocalciferol); D3, vitamin D3 (cholecalciferol); pre-D2, previtamin D2; 25 OH-D2/D3, 25-hydroxyvitamin D2/D3; UV, ultraviolet; AUFS, absorbance unit of full scale.
* To whom correspondence should be addressed.
OH-D2 and 25-OH-D3 as major circulating metabolites of vitamin D2 and D3 were determined in the plasma samples of mothers, cords and neonates . The results strongly suggest that the vitamin D nutrition in early periods of bottle-fed infants is mainly affected by daily intake of exogenous vitamin D2 from fortified dried milk rather than endogenous vitamin D3 or 25-OH-D3 obtained from theirr mothers . Therefore, it is very important that the contents of vitamin D2 enriched in commercial dried milk should always be kept near the respective indicated values and the stability of vitamin D2 should be assured during storage . In order to perform such quantitative control and stability tests, a simplified method for determination of vitamin D2 in dried milk should be established .
Since the contents of vitamin D2 enriched in commercial fortified dried milk are usually very low (usually 320-500 I. U./100g i.e., 80-125ng/g) , microdetermination with elimination of large amounts of lipophilic concomitants (vitamin A and E , sterols and others) is necessary. Recently, progress in HPLC has permitted the microdetermination of vitamin D and its metabolites . Some research groups applied HPLC to the determination of vitamin D in dried milk (2, 3) , fortified milk (4, 5) and feeds (6, 7) but the clean-up procedures used were rather complicated . In the previous report (11) , 25-OH-D2 and 25-OH-D3 in human plasma were simul taneously determined by two steps of HPLC using different columns. The first preparative HPLC using a Nucleosil 5C18 column (reversed-phase type) was for the purpose of clean-up, and the second analytical HPLC using a Zorbax SIL column (straight-phase type) was for assaying the metabolites. Since the method was very simple and gave exact results, a similar procedure was applied to the determination of vitamin D2 in fortified dried milk. When the same columns as in the previous report and modified solvent systems were used, good results were obtained . The proposed procedure and the results obtained by applying it to fortified dried milk are described in this paper.
EXPERIMENTAL

Materials and reagents
Commercial grades (Philips-Duphar Co., The Netherlands) of vitamin D2 and D3 were used as the respective standard compounds.
Organic solvents were purified according to the usual methods and distilled before use. Other guaranteed reagents were used. 1. Profiles of the preparative HPLC Profiles of the preparative HPLC on authentic vitamin D2 and the unsaponifi able matter of a sample of fortified dried milk are shown in Figs. 1 a and l b . The retention time of authentic vitamin D2 was 17.8 min and the vitamin D2 fraction to isolate for the following analytical HPLC was decided to be the eluate between 2,500 and 2,850 drops (about 16 and 19 min of retention time) from the HPL chromatogram (Fig, la) . The recovery of vitamin D2 by the HPLC alone was 98.6 and good reproducibility was obtained. Many large irrelevant peaks which might be due to unknown concomitants were observed in the chromatogram of the sample (Fig. lb) , but most of them were eluted before the vitamin D2 fraction. A peak corresponding to vitamin D2 was observed on the chromatogram of the sample, but it was disturbed by an unknown peak as shown in Fig. 1b . Therefore, the determination of vitamin D2 was impossible by preparative HPLC alone and the isolated fraction was necessary to subject to the following second analytical HPLC.
Profiles of the analytical HPLC
Profiles of the analytical HPLC on authentic vitamin D2 and the vitamin D2 fraction isolated from preparative HPLC are shown in Figs. 2a and 2b . The retention time of authentic vitamin D2 was 22.8 min (Fig. 2a) . The chromatogram of the sample solution also gave a single peak whose retention time agreed with authentic vitamin D2. Since no other peak interfering with the peak was observed on the chromatogram, we considered determination of vitamin D2 was possible by the HPLC (Fig. 2b) 
Identification of the peak as vitamin D2
The peak observed in the analytical HPLC (Fig. 2b ) was confirmed to be due to vitamin D2 by the following methods.
1) UV spectrum. The unsaponifiable matter of a sample of fortified dried milk was applied to the whole procedure and the peak corresponding to vitamin D2 on the analytical HPLC was isolated. The same procedure was repeatedly applied to other parts of the unsaponifiable matter and the isolated fractions were joined. After evaporating under reduced pressure and dissolving in ethanol, the UV spectrum was estimated with a Hitachi automatic spectrophotometer (Japan). As shown in Fig. 3 , a maximum at 265nm and a minimum at 229nm showing the typical triene structure of vitamin D2 were observed.
2) Co-chromatography. Co-chromatography was performed by mixing the sample solution isolated from the analytical HPLC with authentic vitamin D2. As shown in Fig. 4b , the peak corresponding to vitamin D2 was detected as a single one with an increase of peak height by addition of authentic vitamin D2.
3) Appearance of the peak corresponding to pre-D2 by thermal isomerization. It is well documented that vitamin D2 is thermally isomerized into pre-D2 to reach an equilibrium between the two compounds (9) and the reaction is typical for the molecule of vitamin D. Therefore, if the appearance of pre-D2 is observed in a refluxed solution of vitamin D2 fraction obtained from the analytical HPLC of the sample solution, it must give evidence to identify the existence of vitamin D2. The peak corresponding to vitamin D2 on the analytical HPLC of the sample solution 0.4% isopropanol in n-hexane and then applied to the analytical HPLC. As shown in Fig. 5c , the peak whose retention time agreed with that of authentic pre-D2 appeared by refluxing the sample solution.
All results by UV spectrum, co-chromatography and thermal isomerization supported that the peak on the HPL-chromatogram (Fig. 2b) was due to vitamin D2. However, since vitamin D3 showed in a similar manner to vitamin D2 on the above experiments, distinction between vitamin D2 and D3 was carried out as shown in the following. 4 7. Assayed values of vitamin D2 in forged dried milk Five kinds of fortified dried milk sold in Japan were subjected to the whole procedure and the assayed values of vitamin D2 are shown in Table 2 . The percentages of the values to the respective indicated values were within the range of about 90-130%, which suggested that the vitamin D2 enriched in commercial fortified dried milk was kept stable during storage. All of the profiles of analytical HPLC obtained from the samples showed that the peak due to vitamin D2 was clearly separated from other concomitants.
Some research groups applied HPLC to the determination of vitamin D in dried milk (2, 3), fortified milk (4,5) or feeds (6, 7) . However, since their used UV detectors for the analytical HPLC had lower sensitivity than the present one, rather large quantities of a sample (10-50g for dried milk) should be taken for one assay. Therefore, rather complicated procedures, e.g., some steps of open column chro matography or preparative thin-layer chromatography, were necessary to eliminate large amounts of lipophilic concomitants from vitamin D. On the other hand, the presently proposed method using a high sensitivity UV detector (AUFS 0.001) for the analytical HPLC needed a small sampling scale (about 1g) and therefore the preparative HPLC using a reversed-phase column was enough for the clean-up use. As mentioned in the previous report (11) , when an expensive reversed-phase column was used for analytical HPLC, deterioration of the column soon occurred and the width of peaks soon became broad without changes of retention times. This might be due to the overload on the column. However, when reversed-phase columns were used for preparative purposes, deterioration of the columns gave no trouble even with repeated use. For these reasons we used a reversed-phase column for preparative HPLC.
The determination of vitamin D2 in 10 samples by the proposed method is possible as one day's work for a laboratory worker. We concluded from these results that the proposed method is suitable as a simplified routine procedure.
